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filed November 27, 1$6. 

TFrHNTCAL FTFT ,D OF THE TNVENTION 
The present invention relates generally to the modulation of levels of nitric oxide, 
particularly in osteoarthritis. 

pA^r.RnTiNn OF THE INVENTION 
Cytokines are hormone-like molecules that regulate various aspects of an immune 
or inflammatory response; they exert their effects by specifically binding receptors present 
on cells, and transducing a signal to the cells. In addition to having beneficial effects (i.e., 
development of an effective immune response and control of infectious disease), cytokines 
have also been implicated in various autoimmune and inflammatory conditions. 

Various cartilage associated cells (i.e., chondrocytes, synovial lining cells, 
endothelial cells, synovial fibroblasts and mononuclear cells that are present in a joint) can 
release nitric oxide (NO). This free radical serves as a front-line antimicrobial agent and 
also has antitumor effects. However, NO has also been implicated in several deletenous 
conditions, including autoimmune and inflammatory diseases and the bone destruction that 
occurs in osteoarthritis, which is not typically thought of as an inflammatory condition. 

Rouvier et al. (7. Immunol. 150:5445; 1993) reported a novel cDNA which they 
termed CTLA-8, and which has since become known as Interleukin-17 (IL-17). IL-17 is 
57% homologous to the predicted amino acid sequence of an open reading frame (ORF) 
present in Herpesvirus saimiri (HSV) referred to as HVS13 (Nicholas et al. Virol. 179:1 
89 1990; Albrecht et al., J. Virol. 66:5047; 1992). 

A novel receptor that binds IL-17 and its viral homolog, HVS13, has been cloned 
as described in USSN 08/620,694, filed March 21, 1996. The receptor is a Type I 
transmembrane protein; the mouse receptor has 864 amino acid residues, the human 
receptor has 866 amino acid residues. A soluble form of the receptor was found to inhibit 
various IL-17-mediated activities. 

QTTTVflVIARY OF THF TNVENTION 

; Nitric oxide (NO) is a free radical that is involved in many phenomena, including 

the pathophysiological conditions of rheumatoid arthritis (RA) and osteoarthritis (OA). IL- 
17 stimulates production of NO by cartilage from individuals afflicted with OA. A soluble 



1 



IMMUNEX CORPORATION Dockel No " 2623 " A 

form of IL-17R was found to inhibit various EL-17-mediated activities. Accordingly, 
soluble IL-17R will be useful in regulating levels of NO in a clinical setting. 

DETAILED DESCRIPTION OF THE INVENTION 

Nitric oxide is an intracellular signaling molecule that is involved in many 
physiological phenomena, including endothelium-dependent relaxation, neurotransmission 
and cell-mediated immune responses. As an antimicrobial agent, NO is effective against 
bacteria, viruses, helminths and parasites; it is also useful in the killing of tumor cells. 
Increased levels of NO occur in inflammatory disease (i.e., arthritis, ulcerative colitis, 
diabetes, Crohn's disease), and inhibitors of NO synthetases (NOS) have been used in 
experimental models of inflammatory disease, with varied effects (reviewed by A.O. 
Vladutiu in Clinical Immunology and Immunopathology 76: 1-1 1; 1995). 

Osteoarthritis (OA) has typically been considered a non-inflammatory disease, 
however, Amin et al. (/. Exp. Med. 182:2097; 1995) recently reported that the levels of 
NOS are upregulated in cartilage from OA patients. Incubation of OA-affected cartilage in 
serum-free medium resulted in the spontaneous release of substantial amounts of NO. 
Interleukin-IB (EL- IB), tumor necrosis factor-a (TNF-a) and lipopolysaccharide (LPS) 
augmented the nitrite release of OA-affected cartilage. Similar results were observed by 
Sakurai et al. (7. Clin. Invest. 96:2357, 1995) for rheumatoid arthritis patients. 

EL- 17 also upregulates release of NO from OA-affected cartilage. Moreover, 
inhibitors of EL- IB and TNF-a do not inhibit the IL-17-augmented release of NO. 
Accordingly, inhibitors of IL-17 will be useful in regulating levels of NO. Such inhibitors 
will find therapeutic application in ameliorating the effects of NO in OA, as well as in other 
disease conditions in which this free radical plays a role (i.e., autoimmune and 
inflammatory disease). 

A particularly preferred form of IL-17 inhibitor is soluble IL-17R, which is 
described in detail in USSN 08/620,694. EL- 17 inhibitors may be used in conjunction with 
(i.e., simultaneously, separately or sequentially) inhibitors of EL-1 and TNF. Exemplary 
EL-1 inhibitors include soluble IL-1 receptors such as those described in U.S. Patents 
5,319,071, 5,180,812 and 5,350,683, as well as a protein known as IL-1 receptor 
antagonist (EL- IRA; Eisenberg et al., Nature 343:341, 1990) and inhibitors of an enzyme 
that cleaves IL-1 into its biologically active form, as described in U.S. Patent 5,416,013. 

Exemplary TNF inhibitors include soluble forms of TNF receptors, for example as 
described in U.S. Patent 5,395,760, and TNF receptor fusion proteins such as those 
disclosed in USSN 08/406,824 and USSN 08/651,286. In additional, certain virally- 
encoded proteins are known to bind TNF and act as TNF antagonists, as described in U.S. 
Patents 5,359,039 and 5,464,938; and inhibitors of an enzyme that cleaves TNF into its 
biologically active form are also known (see USSN 08/651,363 and USSN 08/655,345). 
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The relevant disclosures of the aforementioned patents and paten, applications are 
incorporated by reference herein. 

TT n and hom" '^"* proteins 

« CTLA-8 refers to a cDNA cloned from an activated T cell hybndoma clone 

(Rouvier et al., J. Immunol. 150:5445; 1993). Northern blot analysis mdtcated mat 
CTLA-8 transcription was very tissue specific. The CTLA-8 gene was found to rnap at 
chromosomaJ site la in mice, and at 2q31 in humans. Although a protetn encoded by the 
CTLA-8 gene was never identified by Rouvier e, al, the predicted amino acd sequence of 
10 CTLA-8 was found to be 57% homologous to the predicted amino acid sequence of an 
ORF present in Herpesvirus Saimiri, HVS13. The CTLA-8 protein is referred to here.n as 
Interleukin-17 (IL-17). 

The complete nuc.eotide sequence of me genome of HVS has been reported 
(Albtechteta,., J. Virol 66:5047; 1992). Additional studies on one of *e HVS open 
,5 reading frames (ORFs), HVS13, axe described in Nrcholas et al., V.roi 179 1 89 1990. 
HVS 13 is a late gene which is present in the Hind III-G fragment of HVS. Anfsera 
developed agatnst peptides derived from HVS 13 are believed to teac, with a late protem 

(Nicholas et al., supra). 

As described USSN 08/462,353, a CIP of USSN 08/410,536, filed Match 23 

20 1995, full length murine CTLA-8 protein and a CTLA-8/Fc firsion protein were expressed 
tested and found to ac, as a costimulus for the proliferation of T cells. Human IL-17 
(CTLA-8) was identified by probing a human T cell library using a DNA fragment denved 
from degenerate PGR; homologs of fL-17 (CTLA-8) are expected to exist in other spec.es 
as well. A full .ength HVS 13 protein, as well as an HVS13/Fc fusion pro.e.n were also 

25 expressed, and found to act in a similar manner to fL-17 (CTLA-8) protein. Moreover 
other species of herpesviruses axe also likely to encode proteins homologous ,o mat 
encoded by HVS 13. 

P roteins an d Analogs 

30 USSN 08/620,694, filed March 21, 1996, discloses isolated IL-17R and homologs 

thereof having immunoregulatory activity. Such proteins are substantially free of 
contaminating endogenous materia* and, optionally, without associated nattve-pattern 
gWcosylatton. Derivatives of EL-17R within the scope of the invention also mclude vanous 
structural forms of the primary protein which retain biological activity. Due to the presence 

35 of ionizable amino and carboxyl groups, for example, an IL-17R protein may be m the 
form of acidic or basic salts, or may be in neutraJ form. Individual amino acrd res.dues 
may also be modified by oxidation or reduction. 



Docket No. 2623-A 

IMMUNEX CORPORATION 

The primary amino acid structure may be modffied by forming covalent or 
aggregative conjugates w.th other chemical moieties, such as glycosyl groups, hptds, 
phosphate, acety. groups and the like, or by creating amino acid sequence mutants. 
Covalent derivatives are prepared by linking particular functional groups to ammo ac.d stde 
5 chains or at the N- or C-termini. 

Soluble forms of IL-17R are also within the scope of the invention. The nucleotide 
and predicted amino acid sequence of the murine IL-17R is shown in SEQ ID NOs: 1 and 2. 
Computer analysis indicated tha, the protein has an N-«erminal s.gnal peptide w„h a 
cleavage site between amino acid 3 1 and 32. Those skilled in the art will recognize that the 
10 actual cleavage site may be different than that predicted by computer analysis. Thus, the N- 
terminal amino acid of the cleaved peptide is expected to be within about five ammo actds 
on etther s.de of the predicted cleavage site. The signal peptide is followed by a 29 1 ammo 
acid extracellular domain, a 21 amino acid transmembrane domain, and a 521 ammo acd 
cytoplasmic tail. Soluble IL- 17R comprises tire signal peptide and the extracellular domam 
,5 (residues 1 to 322 of SEQ ID NO: 1 ) or a fragment thereof. Alternatively, a Afferent s.gnal 
peptidecanbesubstitutedforresidueslthrough31ofSEQIDNO ; l. 

The nucleotide andVedicted amino acid sequence of the human JL-17R is shown m 
SEO ID NOs-3 and 4. Ahares many features with the murine IL-17 R. Computer 
analysis indicated tha. the prVein has an N-.erminal signal peptide with a cleavage sue 
between amino acid 27 and 1^ skiHed in the art will recognize that the actual 
cleavage site may be different fe. that predicted by computer analysis. Thus, the N- 
terminal amino acid of the cleaveTtptide is expected to be within about five ammo acds 
oneithersideofthepredictedcleavXsite. The signal peptide is followed by a 293 ammo 
acid extracellular domain, a 21 aminoVcid transmembrane domain, and a 525 ammo ac.d 
cytoplasmic tail. Solub.e LL-17R comp^es the signal peptide and the extracellular domam 
(residues 1 to 320 of SEQ ID N0:1) or a Wen, thereof. Alternatively, a different stgnal 
peptide can be substituted for the native sig\al peptide. 

Other derivatives of the IL-17R protein and homologs thereof within the scope of 
this invention include covalent or aggregative conjugates of the protein or its fragments 
30 with other proteins or polypeptides, such as by synthesis in recombinant culture as N- 
terminai or C-terminal fusions. For example, the conjugated peptide may be a s.gnal (or 
leader) polypeptide sequence at the N-terminal region of the protein whtch co- 
translationally or post-translationally directs transfer of the protein from its site of synthes.s 
to its site of function inside or outside of the cell membrane or wall (e.g., the yeas, a-factor 

35 '"^^ fus . ons comprise added to facilita ,e purification or 

identification of IL-17R proteins and homo.ogs (e.g., po.y-His). The amino ac.d 
sequence of the inventive proteins can also be linked to an identification peptide such as mat 
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described by Hoppet al., Biomchno,o g y 6:1204 (1988). Such a htghly antigenic peptide 
Z 2 an epi^ reverstbly bound by a specie monoclona, anybody, e„ab „d 
Lay and fade purification of expressed recombinant protein. The sequence of Hopp e 
aiso specifically Ceaved by bovine mucosal enteroktnase, allowng removal of the 
pe^de from the purified protein. Fusion proteins capped with such pepttdes may a,so be 
resistant to intracellular degradation in E. coh. 

Sduble forms of some transmembrane proteins have been expressed as fuston 
proteins in which » extracellular domain of a membrane protein (cognate btndtng regton, 
ed o an immu„o g .obu,i„ heavy chain constat (Fc, domain. Such us.on protems 
Z Zm as reagents to detect their cognate proteins. They are also useful as thera^ufc 
22 n treatm n« of dtsease. However, receptors for Fc domains are present on many 
^ types Thus, when a fusion protein is formed from an Fc domatn and a cognate 

dfng region, binding to a cell may occur either through btndtng of the 
region to its cognate protein, or through binding of the Fc domain to an Fc rector (FcR^ 
Such b nding of the Fc domain to Fc receptors may overwhelm any btndmg of the cognac 
b ndin region ,0 its cognate. Moreover, binding of Fc domains to Fc receptors tnd c« 
Jc 1 of various cytokines that are involved in upregulating vanous aspects o an 
7ZL or inflammatot, response; such upregulation has been imphcated ,„ some of the 
Terse effects of .berate administration of certain antibodies <K_t a,., J. 
1 14^1337 1990- Thistlewaite et al., Am. J. Kidney D is. 11:112, 1988). 

referred to as the htnge region (and specifically residues 234-23, 'within ^reg.n 
determine recognition of the antibody by human Fc recepto. FcyRI F vRIL and 
FcrRIII Leu (23 4> and Leu (23 5, were critical ,o high affiruty btndmg of IgG 3 to Fc 7 RI 
p efe" on u " cells (Canfield and Morrison,, E* P . Me d . .73:1483; 1991). Stmrla, 
e r were obtained by Lund et al. (X 7— 147:2657, 
29-53 1991) These authors observed W-100 fold decrease m affimty of IgG for FcR 
when a single amino acid substitution was made at a critical restdue. 

A single amino acid substitution in the Fc domain of an anti-CD3 monoclonal 
30 antibody (leucine to glutamic acid a. position 235) was found to result ,n stgruficantly less 
T eTac vafion than unmutagenized antibody, while maintaining the 
Properties (Megre e. a... J. tnu^nd 148:346,; 1992). Wawrzyncza* et al. found ha 
LLmoloclonal— es that contained a sin gl e amine ^ -a substttutton at res. 23 
had the same serum half-ltfe as did native antibodies (Mol. bnmunoL 29.221, 1992)^ Fc 
35 domains with reduced affinity for Fc receptors are useful ,n the preparatton of Fc fuston 

PCOte ' nS Leuci n e zippers were original identified in several DNA-binding protems 
(Landschulz et al.. Science 240:1759, 1988). Leucine zipper domatn ,s a term used to 
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to a conserved peptide domain present in these (and other) proteins, which is responsible 
for dimerization of the proteins. The leucine zipper domain (also referred to herem as an 
oligomerizing, or oligomer-forming, domain) comprises a repetitive heptad repeat, with 
four or five leucine residues interspersed with other amrno acids. Examples of leucine 
5 zipper domains are those found in the yeast transcription factor GCN4 and a heat-stable 
DNA-binding protein found in rat liver (C/EBP; Landschulz et al., Science 243:1681, 
19 89) Two nuclear transforming proteins, fos and jun, also exhibit leucine zipper 
domains, as does the gene product of the murine proto-oncogene, c-myc (Landschulz et 
al Science 240" 1759, 1988). The products of the nuclear oncogenes/^ and jun comprise 
10 leucine zipper domains preferentially form a heterodimer (O'Shea et al., Science 245:646, 
1989; Turner andTjian, Science 243:1689, 1989). The leucine zipper domain is necessary 
for biological activity (DNA binding) in these proteins. 

The fusogenic proteins of several different viruses, including paramyxovirus, 
coronavirus, measles virus and many retroviruses, also possess leucine zipper domains 
15 (Buckland and Wild, Nature 338:547,1989; Britton, Nature 353:394, 1991; Delwart and 
Mosialos AIDS Research and Human Retroviruses 6:703, 1990). The leucine zipper 
domains in these fusogenic viral proteins are near the transmembrane region of the proteins; 
it has been suggested that the leucine zipper domains could contribute to the oligomers 
structure of the fusogenic proteins. Oligomerization of fusogenic viral proteins is involved 
in fusion pore formation (Spruce et al, Proc. Natl. Acad. Set U.S.A. 88:3523, 1991) 
Leucine zipper domains have also been recently reported to play a role in oligomenzaUon of 
heat-shock transcription factors (Rabindran et al.. Science 259:230, 1993). 

Leucine zipper domains fold as short, parallel coiled coils. (O'Shea et al., Science 
254 539- 1991) The general architecture of the parallel coiled coil has been well 
25 characterized, with a "knobs-into-holes" packing as proposed by Crick in 1953 (Acta 
Crystallogr 6:689). The dimer formed by a leucine zipper domain is stabilized by the 
heptad repeat, designated (abcdefg) n according to the notation of McLachlan and Stewart 
(7 Mol Biol 98:293; 1975), in which residues a and d are generally hydrophobic 
residues with d being a leucine, which line up on the same face of a helix. Oppositely- 
30 charged residues commonly occur at positions g and e. Thus, in a parallel coiled cod 
formed from two helical leucine zipper domains, the "knobs" formed by the hydrophobic 
side chains of the first helix are packed into the "holes" formed between the side chains of 

the second helix. ^ . 

The leucine residues at position d contribute large hydrophobic stabilization 
35 energies and are important for dimer formation (Krystek et al., Int. J. Peptide Res. 
38 229 1991) Lovejoy et al. recently reported the synthesis of a triple-stranded a-hehcal 
bundle'in which the helices run up-u P -down (Science 259:1288, 1993). Their studies 
confirmed that hydrophobic stabilization energy provides the main driving force for the 
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formation of coiled coils from heHca. monomers. These studies also indicate that 
electrostatic interactions contribute to the stoichiometry and geometry of coded cods. 

Several studies have indicated that conservative amino acids may be subsftuted for 
individual leucine residues with mintmal decrease in the ability to dimerize; multiple 
5 changes, however, usually result in ,oss of this acuity (Landschulz e, ^« 
243 1681 1989; Turner and ^.Science 243:1689, 1989; Hu e. al„ Scence 250.1400, 
,990) van Heekeren et al. reported tot a number of different amino residues can be 
substituted for the leucine residues in the leucine zipper domain of GCN4, and further 
found that some GCN4 proteins containing two leucine substitutions were weakly acuve 
10 (Nad Acids Res. 20:3721, 1992). Mutation of the first artd second heptadtc leucnes of 
the leucine zipper domain of the measles virus fus.on protein (MVF) d,d not affec 
syncytium formation (a measure of virally-induced cel. fusion); however, mutation of aU 
four leucine residues prevented fusion completely (Buckland e, al., J. Gen. V.rol. 73: 1703. 
1992) None of the mutations affected the ability of MVF to form a tetramer. 
15 ' Recently, amino acid substitutions in the a and d residues of a synthetic pepude 

representing the GCN4 leucine zipper domain have been found to change the 
oligomerizauon properties of the leucine zipper domain (Alter. Sixth Symposmm of the 
Protein Society, San Diego, CA). When all residues at position „ are changed to 
isoleucine, the leucine zipper still forms a paraJlel dime, When, in addition ,0 this change, 
20 all leucine residues a. position d are also changed to isoleucine, the resultant pepude 
spontaneously forms a trimeric parallel coiled coil in solution. Substituting all ammo actds 
at position d with isoleucine and at position a with leucine results in a peptide that 
tetramerizes. Peptides containing these substitutions are still referred ,0 as leucine zupper 
domains since the mecharusm of oligomer formation is believed to be me same as that for 
25 traditional leucine zipper domains such as those described above. 

Derivatives of IL-17R may also be used as immunogens, reagents m m vuro 
assays, or as binding agents for affinity purification procedures. Such derivatives may also 
be obtained by cross-linking agents, such as M-maleimidobenzoyl succinimide ester and N- 
hydroxysuccinimide, a, cysteine and lysine residues. The inventive proteins may also be 
30 covalently bound through reactive side groups .0 various insoluble substrates, such as 
cyanogen bromide-activated, bisoxirane-activated, carbonyldiimidazole-activated or tosyl- 
activated agarose structures, or by adsorbing to polyo.eftn surfaces (with or wrthout 
glutaraldehyde cross-linking). Once bound to a substrate, proteins may be used to 
selectively bind (for purposes of assay or purification) antibodies raised agamst the IL-17R 
35 or against other proteins which are similar to the 1L-17R, as well as other proteins that bmd 
IL-17R or its homologous proteins. 

The present invention also includes IL-17R with or without associated nauve- 
pattem glycosylate. Proteins expressed in yeast or mammalian expression systems, e.g., 
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COS-7 cells, may be simr-ar or slightly different in molecular weight 
pin, than t he native moiecules, depending upon the expression system. Express™ of 
□Zencoding the rnventive proteins in bacteria such as E. c 0 « provides < 
molecules Functional mutan, analogs of IL-17R protein or homologs thereof hav.ng 
5 m v ted N-glycosylation s.tes can be produced by oligonucleotide synthesis and Ugat.on 
oTb ^-spe if c mutagenesis technics. These analog proteins cat, be produced ,n a 
h mogeneous, reduced-carbohydrate torn, in good yie!d using yeast 

Al-Z, where A 1 is any amino acid except Pro, and Z .s Ser or 1 n m 
10 asparagine provides a side chain amdno group for covalen. attachment of carbohydrate. 

other than Asn between Asn and Al. ■„,-*, 
IL- 17R protein derivatives may also be obtained by mutations of the nattve fL-lTR 
,5 or its subunits A IL-17R mutated protein, as referred to herein, is a polypept.de 
h ol oZZo afL-HRprotein bu, which has „ amino acid sequence different from £ 
nTve iLlTR because of one or a plurality of de,e,ions, insertions or subs— The 
^o^anymutationmadeinaONAencodinga^-nR peptide may be easny de eded 
by analyzing the ability of the mutated IL-17R peptide to inhibit costimulation of T orB 
20 cells by IL-17 (CTLA-8) or homologous proteins, or to bind protetns specially ^ 

ORF) Moreover, ac.tvity of IL-17R analogs, muteins or derivatives can be deternuned by 
^Tof *e assays methods described herein. Similar mutations may be made ,n homologs 
of IL-17R, and tested in a similar manner. 
25 Equivalent analogs of the inventive proteins may be constructed by, for 

example, majung vanous substitutions of residues or sequences or deleung ermm^ o 
nlal esidues or sequences no, needed for biological activity. For example cystine 
"sidues can be deleted or replaced with other amino acids to prevent formafon of tncorrec. 
rllecuiar d,sulfide bridges upon renaturatio. Other approaches to mutagenes, 
30 involve modification of adjacent dibasic amino acid residues to enhance expression tn yeast 
systems in which KEX2 protease activity is present. 

Generally, substitutions should be made conservatively; i.e., the most preferred 
subsutute amino acids m those which do no, affect the ability of the — e protems^o 
bind their ligands in a manner substantially equivalent to that of nafve mIL-17R or hIL 
35 R Examples of conservative substitutions include substitution of amino actds outstde of 
he bind^omain(s), and substitution of amino acids that do not alter the secon ary 
*dTterLy structure of IL-17R and homologs thereof. AddiUonal examples .nclude 
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deletion or insertion on biolo gl cal activity s sequences, 
perfonningstrucmral analysis of the inventive protems^ 

will not create complementary regtons that could hyb P r 

structures such as loops or hairpins wh.cn would ^ me nature 

mRNA.Althoughamutat.ons,^ 

of the mutauon per se be prede.erm.ned. ^ ^Lresis may be conducted at the 
characteristics of — at a given sue, random ™tagenes * m J 

— sr. 

loops in the transcribed mRNA (see trA . well-known 

provide codons that are more readily transited by the selected host. e.g.. 

Sc-'P^^^^^L, .oci by synthesis oHgonudeotides 

employed to provrde an alte^ I gene h g P ^ ^ ^ 

substitution, deletton, or msert.onrequ.red. i 986) . Ba uer et al. (Cne 

set forth above are d,sciosed by ^ ^^^^ e t al. 
57:73, 1985); Craik { BioTecnn, q ues, January 1985. >. ^ 

35 E ng «: Principles an* Method Plenum Press, 1980, 

4 518 584 and 4,737,462 disclose suitable techn.ques, and are .ncorpora 



herein. 
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Due to code degeneracy, there can be considerable variation in nucleotide sequences 

SDS 1 0 mM EDTA (pH 8.0) and hybridization conditions of 50 C, 5 X SSC, ovem gnt) 
o the DNA sequences encoding IL-.7R, and other sequences which are degenerate to 
o^which enlde the IL-17R. ,n a preferred embodime., IL-17R analogs - - - - 
about 70 % identical in amino acid sequence to the amino acid seque <^M« » 
as set forth in SEQ ID NO:l or SEQ ID NO:3. Similarly, analogs of IL-17R homolog are 
: els lut 70 % identical tn am.no acid sequence to the amino acid sequence of th 
native homologous proteins. In a more preferred embodiment, anaiogs of IL-17R or 
homll thereof are at leas, about 80 * idenucai in amino acid sequence to the native form 

.Hereof « a. least about 90 % identica! in amino acid sequence to the native form of the 
may be determined using a computer p.gram for example, the 
GAP computer program described by Devereux et al. Ac^s Re, ^ £ 

available from the University of Wisconsin Genetics Computer Group (UWGCG). For 
r g ments derived from the IL-17R protein, the identity is calculated based on that portion 
TZ Z 17R protein that is present in the fragment. Similar methods can be used to 

20 anaiogs to bind Cl.A-8 can he detemuned by testing the 

ability of the analogs to inhibit H.I7 (CTLA-S) -induced T cel. proliferation. AlKmaUvely 
lb.e assays, for example, an enzyme immunoassay or a dot Wot, employing CTLA^ or 
HSV13 (or a homolog thereof which binds native IL-17R) can be used to assess One ab.Uty 

25 of IL-17R analogs to bind CTLA-8. Such methods are well known ,n the art. 

Ev pr-^inn of R .™™hinant Receptors for IL-11 

- IL - r ^ p — n 7 0 7 t ^«^^preferably produced by recombinant DNA 
methods by tooting. DNA sequence encoding IL-17R protein or ahomo.og thereof into a 
■ „,„r and exmessing the DNA sequence in a recombinant 
30 recombinant expression vector and expressing 4 , MuenC es 

microbial expression system under conditions promoting expression. DNA sequence 
encoding the proteins provided by this invention can be assembled from cDNA fragments 
Td hort oligonucleotide Linkers, or from a series of oligonucleotides to provide a 
"nthetic gene which is capable of being inserted in a recombinant expression vector and 
^ exDressed in a recombinant transcriptional unit. , . J nM . 

^Recombinant expression vectors include synthetic or cDNA-denved DNA 
fragments encoding IL-17R, homologs, or bioequivalen, analogs, operably linked to 
slble transcriptional or transanal regulatory elements derived from mammalian, 
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• , ,„« Such regulatory elements include a transcriptional 
microbial, viral or insect - , S r J a ^ encoding 

transfonnants may additional £ «ra ted. ^ ^ ^ ^ 

DNA regions are operably linked when y for ^ 

polypeptide if it is expressed c ding sequence if U controls the 

po.ypept.de., site ,s operably .0 a coding 

transcription of the sequence, or a nenerallv operably linked means 

,f k : ^rj^zzzzz* *- ™ 

conuguous and in the c a* of « ^ ^ ^ ^ ^ fa , mta001gB1Bm 

, XS^T^. - - P — — e —on of OH A 

into mRNA. a selectable marker and 

genetic elements of the well known Chemicals, Uppsaia, 

0 ^^^"STS^ These pB^backbone" 
Sweden) and pGEMl (Fromega diu structural sequence to be 

— r.^r-sr- : P ^,ap,Ldde r 
rr,tCiir (B oLar et a , 

25 ampicillin and tetracycline resistance and thus provides simp 
,ran "m— 

P— e .eniciihnase) and ^ system 

, 978 ; and Goedde, et a, 26, 544 1 7 ), * ^ ac promoter 

30 (Goeddel et al., Nucl. Acds Res. 3.4057, 19W Labo ra«ory, p. 

ssrsswasssss. - n » 

Type culture c« p PLc28, resident in 

35 plasmid pHUB2, resident in E. col, strain JMB9 (ATCC 3709 ) p 

£«*RR1(AT0C 53082). ^ promoters foc 

Suitable promoter sequences .n yeast 2JJ; 2073, 
metallothionein, 3- P hosphoglycera.e kinase (Hitzenian e. a.., J. B.ol. 
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1980) or other glyceric enzymes (Hess et al., J. Ad, Enzyme Reg. 7:149 1968; and 
Holland et al., Biochem. 17:4900, 1978), such as enolase, glyceraldehyde-3-phosphate 
dehydrogenase, hexokinase, pymvate decarboxylase, phosphofructokinase, glucose-6- 
phosphate isomerase, 3-phospho gl ycera«e mutase, pyruvate kinase, triphosphate 
Lmerase, phosphoglucose isomerase, and glucokinase. Suitable vectors and promoters 
for use in yeast expression are further described in R. Hitzeman et a... EPA 73,657. 

Preferred yeast vectors can be assembled using DNA sequences from pBR322 for 
selection and replication in E. coll (Am p r gene and origin of replication) and yeas. DNA 
sequences including a glucose-repressible ADH2 promoter and a-fac,or secretin leader 
The ADH2 promoter has been described by Russell et al. (J. Biol. Chem. 258:2674, 1982) 
and Beier et al. (Na.ure 500:724, 1982). The yeast a-fac.or leader, which dtrects secretion 
of heterologous pro.ems, can be inserted between the promoter and the structural gene .o be 
expressed. See. e.g.. Kurjan et al., Cell 30:933, 1982; and Bitter et al., Proc. Na,l. Aca± 
Sci USA 87-5330 1984. The leader sequence may be modified to contain, near .Is 3 
end, one or more useful restriction sites to facilitate fusion of the leader sequence to fore.gn 

SeI,eS ' The transcriptional and translational control sequences in expression vectors to be 
used in transforming vertebrate cells may be provided by viral sources. For example, 
commonly used promoters and enhancers axe derived from Po.yoma Adenovirus 2, 
Simian Virus 40 (SV40), and human cytomegalovirus. DNA sequences denved from the 
SV40 viral genome, for example, SV40 origin, early and late promoter, enhancer, splice, 
and polyadenylation sites may be used to provide the other genetic elements required for 
expression of a heterologous DNA sequence. The early and late promoters tue parucularly 
useful because both are obtained easily from the virus as a fragment which also contains the 
i SV40 viral origin of rep.ica.ion (Piers e. al., Nature 273:1 13, 1978). Smaller or larger 
SV40 fragments may also be used, provided the approximately 250 bp sequence extending 
from the Hind III site toward the BgR site located in the viral origin of rephcahon is 
included Further, viral genomic promoter, control and/or signal sequences may be 
utilized, provided such control sequences are compatible with the host cell chosen 
Exemplary vectors can be constructed as disclosed by Okayama and Berg (Mol Cell. Biol. 

3:280, 1983). . 

A useful system for stable high level expression of mammalian receptor cDNAs in 
C127 murine mammary epithelial cells can be constructed substantially as desenbed by 
Cosman et al. (Uol. .mmunol. 23:935, 1986). A preferred eukaryotic vec«,r for 
expression of IL-17R DNA is referred to as pDC406 (McMahan et al., EMBO J. 10:2821, 
,991) and includes regulatory sequences derived from SV40, human immunodefictency 
virus (HIV) and Epstein-Barr virus (EBV). Other preferred vectors include pDC409 and 
P DC410 which are derived from pDC406. pDC410 was derived from pDC406 by 



12 



Docket No. 2623-A 

IMMUNEX CORPORATION 

substituting the EBV origin of replication with sequences encodtng the SV40 large T 
antigen. P DC409 differs from pDC406 in that a B g , II restncon s,.e cuts de of the 
muMple cloning site has been deleted, making the W H site within the mulnple clonmg s.te 

5 UmqUe A useful cell hue that allows for episomal replication of expression vectors^ such .„ 
pDC406 and pDC409, which contain the EBV origin of replication, is c^fHine 
CRL 10478) The CV-1/EBNA cell line was derived by transfectton of the CV-1 ceU bne 
w ^aZ -coding Epstein-Ba, virus nudea* antigen-! (EBNA-1) and constttut.vely 
express EBNA-1 driven from human CMV immediate-early enhancer/promoter. 

10 

"^ansformed host cells «e ce«s which have been transformed or transited with 
expression vectors constructed using recombinant DNA techniques and whtch contarn 
nces encodtng the proteins of the present inven.,0. Transformed host ceUs may 
15 express the desired protetn (IL-17R or homologs thereof), bu, host cells transformed for 
pulses of cloning or amplifying me inventive DNA do not need to express the protem 
Expressed proteins will preferably be secreted into the culture supernatant, depending on 
the DNA selected, but may be deposited in the cell membrane. 

Suitable host cells for expression of viral proteins include promotes, yeas or 
20 higher eukaryotic cells under the control of appropriate promoters. Prokaryo.es tnc ude 
gram negative or gram positive organisms, for example E coli or ***»™ « ^ 
Lkaryottc cells include estabHshed cell hues of mammaJran origin as descnbed bdc* 
CelMreeu-artslauon systems could also be employed ,0 produce vtral protetns us.ng RNAs 
derived from the DNA constructs disclosed herein. Appropriate cloning an .expression 
25 vec,rsforuse„ithbac,erial,fungal,vea^ 

Pouwels et al. iClonin g Vectors: A Laboratory Manual, Elsev.er, New York, 1985), the 
relevant disclosure of which is hereby incorporated by reference. 

Prokaryotic expression hosts may be used for expression of IL-17R or homologs 
that do no, require extensive proteolytic and disulfide processing. Prokaryotic expression 
30 vectors generally comprise one or more phenotypic selectable markers, for example a gen 
encoding proteins conferring antibiotic resistance or supplying an autotroph, requtremen 
Tdan origin Of replication recognized by the host to ensure amplication > w,h,r .the host. 
Tuitableproka^otic hosts for transformation include E coli, Bacillus suht.Ls. SalntoneU^ 
murium, and various species within the genera Pseu d o m onas, Streptontyces, and 
35 Staphylococcus, although others may aJso be employed as a matter of choice. 

Recombinant IL-17R may also be expressed in yeas, hosts, preferably from the 
Saccharoses species, such as S. cerevisiae. Yeas, of other genera, such as P.cHta or 
KuZJyces may also be employed. Yeas, vec.ors will generaUy con,a,n an ortg.n of 
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rephcation from the 2u yeast p.asnnd or an autonomous* rep.icating sequence <ARS) 
promoter, DNA encoding the viral protein, sequences for po.yadenylafon and transcnpt.on 
^natron and a seiectron gene. Preferab.y, yeas, vectors wi„ " ^ ? 

repHcation and se.ectable marker permitting transformation of both yeast and £. coH, e.g., 

ampicmtn resistance gene of E. coU and S. c— up. gene, -htc prov.des 
se.ec.ion marker for a mutant strain of yeas, lacking the abUity to grow ,n tryptophan, and 

quence downstream. The presence of the trp. .esion in the yeast host ceU genome then 
provides an effective env.ronment for detecting .ransformation by growth ,n the absence of 

,ryPt0P "tab, yeast transform^ pro.ocols are known to those of sk.ll Juthe ar«, . 
exemplary technique is described by Hinnen e, a,., Free No*. AcaJ Sc, ■ 
,978 selecting for Trp+ transformants in a selective medium conststmg of 0.67% yeast 
"c.5* lamino acids, 2% g.ucose, ,0 pgM adenine and 20 ,g/mi uraol. 
Host strains transformed by vectors comprising the ADH2 promoter may be grown for 

supp.emen.ed with 80 ug/ml adenine and 80 ug/m. uracl. Derepress,on of me ADH2 
price, occurs upon exhaus.ion of medium glucose. Crude yeas. supema,an«s are 
harvested by fixation and held a, 4'C prior ,o further purif.ca.ton. 

Various mammaUar. or insec, cell cutore sys.ems can be employed ,o express 
recombinan. pro.ein. Bacu.ovinus sys.ems for producion «J>°^ %™^ 
insec. ceils are reviewed by Luckow ar,d Summers, Biotechnology 5.47 (1988) 
E Lp.es of suitable mammalian hos, cel. lines include the COS-7 lines of monkey ktdney 
ceTdescribed by G.uzman (Ceil 25:175, .98.), and other ce,. Hues capabie of expressing 
af appropriate vector including, for examp.e, CV-./EBNA (ATCC CRL 10478), L cefc 
C127 3T3 Chinese hamster ovary (CHO), HeLa and BHK ceU hues. Mammahan 
expre'ssion vectors may comprise nontranscribed e.ements such as an origin of rephcauon, 
a suitable promoter and enhancer linked to the gene to be expressed, and other 5 or 3 
flanking nontranscribed sequences, and 5' or 3' nontranslated sequences, such as 
, necessary ribosome binding sites, a polyadeny.ation site, spUce donor and acceptor s.tes, 
and transcriptional termination sequences. 

Pu rification "f Receptors for IL-17 

f^-^-^^o^Togs, or analogs „ prepared by cu.tunng sut able 
5 hos«/vec,or sys.ems .o express ,he recombinant translation products of the DNA, of Ute 
present invention, which m then purified from culture media or eel, ex.rac.s. For 
ramp.e, supema.a„.s from sys.ems which secrete recombinan. pro.ein ,n.o cu,.ure mema 
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can be firs, concentrated using a commercially available protein concentration f.her, for 
example, an Amicon or Millipore Pellicon utaftl.ra.ion un... 

^^^^ *- - • — — " t: 

pro o . unloved for example, a matrix or substrate having pendant 

exclge . p can 1 employed. Sui.able ca.ion exchangers indude vanous tnsolub.e 
exchange s.ep P , groups . Sulfopropyl groups are 

^ZZ^oZo^y a!so provides a means of punfyng Ore ,nven.,ve 

Pr0tein Affin„y chromatography is a particular,, preferred merhod of purifying .L-.7R arK. 

i . n 17R exDressed as a fusion protein comprising an 

™y t p!rified on a resin comprising an antibody specific to the oligomenzmg ztpper 
Tin Monodonal antibodies against the .L-.7R protein may also be useful .n a f^ty 

(i.e., IL-17 or HVS-13) may also be used to prepare an affimty mamx for affimty 
"'"tC^rnorereversed-phasehigh performance ,i q uid chromatography (RP- 
HPLC) steps mploying hydrophobic RP-HPLC media, e.g., silica ge, havmg pendant 

Some or all of .he foregoing purification steps, in vanous comb.nat.ons, can also be 
employed to provide a homogeneous recombinant protein. 

Recolinan. protein produced in bacterial culture is usuaUy rso.ated by tn.ua. 
extractioTfl cell P e.le.s, followed by one or more concen.ra,,o„, sauing-ou,, aqueous 
oTelange or s Jexclus.on chromatography sreps. Fatally, high performance hqUKi 
Z^Zto ("PLC) can be emp.oyed for final purif.ca.ion s.eps. M.crob.a, ceh 
em to ed in expression of recombinan. viral prorein can be disrup.ed by any convemen 
method, including freeze-maw cycling, so„ica.ion, mechanica, disn.pt.on, or use of ceu 

lySm8 Cuon of yeas, which express .he inventive pro.ein as a secre.ed pro^n 
sreatly s.mplifies purification. Secreted recombinan. prote.n resultmg from a axge-scale 
™IZ can I purified by me.hods analogous .0 .hose disclosed by Urda. e, aL ( ,. 
X 296:1 1984). This reference describes two sequential, reversed-phase 
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HPLC steps for purification of recombinant human GM-CSF on a preparative HPLC 
column. 

Protein synthesized in recombinant culture is characterized by the presence of cell 
components, including proteins, in amounts and of a character which depend upon the 

5 purification steps taken to recover the inventive protein from the culture. These 
components ordinarily will be of yeast, prokaryotic or non-human higher eukaryotic ongin 
and preferably are present in innocuous contaminant quantities, on the order of less than 
about 1 percent by weight. Further, recombinant cell culture enables the production of the 
inventive proteins free of other proteins which may be normally associated with the 

0 proteins as they are found in nature in the species of origin. 

AHministrati on of TL-17R Compos itions 

The present inventio\ provides methods of using therapeutic compositions 
comprising an effective amountYfa protein and a suitable diluent and carrier. The use of 
5 IL-17R or homologs in conjunct^ with soluble cytokine receptors or cytokines, or other 
T^lnmunoregulatory molecules is aSp contemplated. Such molecules can be adminstered 
^Aeparaetly, sequentially or simulaVously with IL-17R compositions. Particularaly 
Y preferred immunoregulatory moleculs\are soluble IL-1 receptors, soluble TNF receptors, 

and fusion proteins thereof. 
20 For therapeutic use, purified protein is administered to a patient, preferably a 

human, for treatment in a manner appropriate to the indication. Thus, for example, IL-17R 

protein compositions administered to regulate NO levels can be given by bolus injection, 

continuous infusion, sustained release from implants, or other suitable technique. 

Typically a therapeutic agent will be administered in the form of a composition composing 
25 purified IL-17R, in conjunction with physiologically acceptable carriers, excipients or 

diluents. Such carriers will be nontoxic to recipients at the dosages and concentrations 

employed. . 

Ordinarily the preparation of such protein compositions entails combining the 
inventive protein with buffers, antioxidants such as ascorbic acid, low molecular weight 

30 (less than about 10 residues) polypeptides, proteins, amino acids, carbohydrates including 
glucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and other 
stabilizers and excipients. Neutral buffered saline or saline mixed with conspecific serum 
albumin are exemplary appropriate diluents. Preferably, product is formulated as a 
lyophilizate using appropriate excipient solutions (e.g., sucrose) as diluents. Appropriate 

35 dosages can be determined in trials. The amount and frequency of administration will 
depend, of course, on such factors as the nature and severity of the indication being treated, 
the desired response, the condition of the patient, and so forth. 
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Receptors for IL-17 (CTLA-8) can be administered for the purpose of regulating 
levels of NO. Soluble IL-17R are thus likely to be useful in treatment of osteoarthritis. 
The inventive receptor proteins will also be useful for prevention or treatment 
inflammation. 

The following examples are offered by way of illustration, and not by way of 
limitation. Those skilled in the art will recognize that variations of the invention embodied 
in the examples can be made, especially in light of the teachings of the various references 
cited herein, the disclosures of which are incorporated by reference. 

FX AMPLE 1 

This example illustrates the ability of EL-17R to inhibit the proliferative response of 
T cells to mitogens. Lymphoid organs were harvested aseptically and cell suspension was 
created. Splenic and lymph node T cells were isolated from the cell suspension. The 
purity of the resulting splenic T cell preparations was routinely >95% CD3+ and <1% 
sIgM+ Purified murine splenic T cells (2xl05/well) were cultured with either 1% PHA or 
1 ng/ml Con A, and a soluble IL-17R (a soluble form of IL-17R comprising the 
extraceelular region of IL-17R fused to the Fc region of human IgGl) was titered into the 
assay. Proliferation was determined after 3 days with the addition of 1 uCi [3 H] thymidine. 
Secretion of cytokines (Interleukin-2) was determined for murine T cells cultured for 24 hr 
with 1 U£/ml of Con A in the presence or absence of 10 ug/ml of IL-17R.Fc or in the 
presence of a control Fc protein. EL-2 production was measured by ELISA and results 
expressed as ng/ml IL-2 produced. 

Soluble IL-17R7Fc significantly inhibited the mitogen-induced proliferation of 
purified murine splenic T cells in a dose dependent manner, while a control Fc had no 
effect on the murine T cell proliferation. Complete inhibition of mitogen induced 
proliferation was observed at a soluble IL-17R.Fc concentration of 10 ^ig/ml. Analysis of 
TL-2 production by splenic T cells activated with Con A in the presence or absence of EL- 
17R.Fc in the culture revealed that addition of IL-17R.Fc to the T-cell culture inhibited IL-2 
production to levels 8-9-fold lower than those observed in cultures containing media alone 
or media plus a control Fc protein. Similar results were observed when purified human T 
cells were used. 

EXAMPLE 2 

This example illustrates the ability of IL-17R to inhibit the production of NO by 
cartilage-associated cells. Articular cartilage is obtained from OA-affected patients or 
normal controls substantially as described in Amin et al., supra. The cartilage is cut into 
small (approximately 3 mm) discs, which are placed in organ culture in the presence or 
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absence of IL-17R.Fc or in the presence of a control Fc protein. Nitric oxide production is 
assayed by determining the nitrite level in the medium at different time intervals, for 
example by using a modified Griess reaction (Anal. Biochem. 12b:12299; 1982). Ding et 
al (7. Immunol. 141:2407, 1988) also describe a useful method of measuring NO in ex 
vivo organ cultures of synovium and cartilage associated cells. The IL-17R.Fc is titrated to 
determine an effective concentration to inhibit NO production. Other soluble forms of EL- 
17R are also used to regulate NO levels in this manner. 
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